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Abstract
In this paper, Enriched Genetic Algorithm (EGA) utilized to solve reactive power optimization
problem. In the proposed algorithm Stochastic Universal Selection (SS) is utilized to improve the
selection procedure. The selection method in Genetic algorithm (GA) plays a significant role in
the runtime to get the optimized solution as well as in the superiority of the solution. In this
work, an enriched selection technique is presented which uphold both fast runtime and elevated
quality solution. Proposed EGA algorithm has been tested in standard IEEE 118 & practical 191
bus test systems and simulation results show clearly the advanced performance of the proposed
algorithm in reducing the real power loss.
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1. Introduction
Optimal reactive power problem is to minimize the real power loss and bus voltage deviation.
Various numerical methods like the gradient method [1-2], Newton method [3] and linear
programming [4-7] have been adopted to solve the optimal reactive power dispatch problem.
Both the gradient and Newton methods have the complexity in managing inequality constraints.
If linear programming is applied then the input- output function has to be uttered as a set of
linear functions which mostly lead to loss of accuracy. The problem of voltage stability and
collapse play a major role in power system planning and operation [8]. Evolutionary algorithms
such as genetic algorithm have been already proposed to solve the reactive power flow problem
[9-11]. Evolutionary algorithm is a heuristic approach used for minimization problems by
utilizing nonlinear and non-differentiable continuous space functions. In [12], Hybrid differential
evolution algorithm is proposed to improve the voltage stability index. In [13] Biogeography
Based algorithm is projected to solve the reactive power dispatch problem. In [14], a fuzzy based
method is used to solve the optimal reactive power scheduling method. In [15], an improved
evolutionary programming is used to solve the optimal reactive power dispatch problem. In [16],
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the optimal reactive power flow problem is solved by integrating a genetic algorithm with a
nonlinear interior point method. In [17], a pattern algorithm is used to solve ac-dc optimal
reactive power flow model with the generator capability limits. In [18], F. Capitanescu proposes
a two-step approach to evaluate Reactive power reserves with respect to operating constraints
and voltage stability. In [19], a programming based approach is used to solve the optimal
reactive power dispatch problem. In [20], A. Kargarian et al present a probabilistic algorithm for
optimal reactive power provision in hybrid electricity markets with uncertain loads. This paper
proposes Enriched Genetic Algorithm (EGA) is proposed to solve the reactive power problem. In
the proposed algorithm Stochastic Universal Selection (SS) is utilized to improve the selection
[21] procedure. The selection method in Genetic algorithm (GA) plays a significant role in the
runtime to get the optimized solution as well as in the superiority of the solution. In this work, an
enriched selection technique is presented which uphold both fast runtime and elevated quality
solution. Proposed EGA has been evaluated in standard IEEE 118 & practical 191 bus test
systems. Simulation results show that our projected approach outperforms all the entitled
reported algorithms in minimization of real power loss.
2. Problem Formulation
The optimal power flow problem is treated as a general minimization problem with constraints,
and can be mathematically written in the following form:
Minimize f(x, u)
subject to g(x,u)=0
and
h(x, u) ≤ 0

(1)
(2)
(3)

where f(x,u) is the objective function. g(x.u) and h(x,u) are respectively the set of equality and
inequality constraints. x is the vector of state variables, and u is the vector of control variables.
The state variables are the load buses (PQ buses) voltages, angles, the generator reactive powers
and the slack active generator power:
T

x = (Pg1 , θ2 , . . , θN , VL1 , . , VLNL , Qg1 , . . , Qgng )
(4)
The control variables are the generator bus voltages, the shunt capacitors/reactors and the
transformers tap-settings:
u = (Vg , T, Qc )
or

T

(5)
T

u = (Vg1 , … , Vgng , T1 , . . , TNt , Qc1 , . . , QcNc )
(6)
Where ng, nt and nc are the number of generators, number of tap transformers and the number of
shunt compensators respectively.
3. Objective Function
3.1. Active Power Loss
The objective of the reactive power dispatch is to minimize the active power loss in the
transmission network, which can be described as follows:
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𝐹 = 𝑃𝐿 = ∑𝑘∈𝑁𝑏𝑟 𝑔𝑘 (𝑉𝑖2 + 𝑉𝑗2 − 2𝑉𝑖 𝑉𝑗 𝑐𝑜𝑠𝜃𝑖𝑗 )

(7)

or
𝑁𝑔
𝐹 = 𝑃𝐿 = ∑𝑖∈𝑁𝑔 𝑃𝑔𝑖 − 𝑃𝑑 = 𝑃𝑔𝑠𝑙𝑎𝑐𝑘 + ∑𝑖≠𝑠𝑙𝑎𝑐𝑘 𝑃𝑔𝑖 − 𝑃𝑑

(8)

where gk: is the conductance of branch between nodes i and j, Nbr: is the total number of
transmission lines in power systems. Pd: is the total active power demand, Pgi: is the generator
active power of unit i, and Pgsalck: is the generator active power of slack bus.
Voltage Profile Improvement
For minimizing the voltage deviation in PQ buses, the objective function becomes:
𝐹 = 𝑃𝐿 + 𝜔𝑣 × 𝑉𝐷
where ωv: is a weighting factor of voltage deviation.

(9)

VD is the voltage deviation given by:
𝑉𝐷 = ∑𝑁𝑝𝑞
𝑖=1 |𝑉𝑖 − 1|

(10)

Equality Constraint
The equality constraint g(x,u) of the ORPD problem is represented by the power balance
equation, where the total power generation must cover the total power demand and the power
losses:
𝑃𝐺 = 𝑃𝐷 + 𝑃𝐿
(11)
This equation is solved by running Newton Raphson load flow method, by calculating the active
power of slack bus to determine active power loss.
Inequality Constraints
The inequality constraints h(x,u) reflect the limits on components in the power system as well as
the limits created to ensure system security. Upper and lower bounds on the active power of
slack bus, and reactive power of generators:
𝑚𝑖𝑛
𝑚𝑎𝑥
𝑃𝑔𝑠𝑙𝑎𝑐𝑘
≤ 𝑃𝑔𝑠𝑙𝑎𝑐𝑘 ≤ 𝑃𝑔𝑠𝑙𝑎𝑐𝑘

(12)

𝑚𝑖𝑛
𝑚𝑎𝑥
𝑄𝑔𝑖
≤ 𝑄𝑔𝑖 ≤ 𝑄𝑔𝑖
, 𝑖 ∈ 𝑁𝑔

(13)

Upper and lower bounds on the bus voltage magnitudes:
𝑉𝑖𝑚𝑖𝑛 ≤ 𝑉𝑖 ≤ 𝑉𝑖𝑚𝑎𝑥 , 𝑖 ∈ 𝑁

(14)

Upper and lower bounds on the transformers tap ratios:
𝑇𝑖𝑚𝑖𝑛 ≤ 𝑇𝑖 ≤ 𝑇𝑖𝑚𝑎𝑥 , 𝑖 ∈ 𝑁𝑇

(15)

Upper and lower bounds on the compensators reactive powers:
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𝑄𝑐𝑚𝑖𝑛 ≤ 𝑄𝑐 ≤ 𝑄𝐶𝑚𝑎𝑥 , 𝑖 ∈ 𝑁𝐶

(16)

Where N is the total number of buses, NT is the total number of Transformers; Nc is the total
number of shunt reactive compensators.
4. Simple Genetic Algorithm
Genetic algorithm (GA) is search algorithms based on the mechanics of natural genetics and
natural selection. The GA is a population search method. A population of strings is kept in each
Generation. The simulation of the natural processes of reproduction, gene crossover and
mutation produces the next generation.
Reproduction
Reproduction is simply an operation whereby an old chromosome is copied into a “mating pool”
according to its fitness value. More highly fitted chromosomes receive a greater number of
copies in the next generation. Copying chromosomes according to their fitness values means that
chromosomes with a higher value have a higher probability of contributing one or more offspring
in the next generation.
Crossover
Crossover is the primary genetic operator, which promotes the exploration of new regions in the
search space. It is a structured, yet randomized mechanism of exchanging informing between
strings. This operation is similar to that of two scientists exchanging information. Crossover
begins by selecting at random two members previously placed in the mating pool during
reproduction. A crossover point is then selected at random and information from one parent, up
to the crossover point is exchanged with the other member, thus creating two new members for
the next generation.
Mutation
Although reproduction and crossover effectively search and recombine existing chromosomes,
they do not create any new genetic material in the population. Mutation is capable of overcoming
this shortcoming. It is an occasional (with small probability) random alternation of a
chromosome position.
Fitness Function
The fitness function is the one which gives a raw measure of among the fitness to each possible
candidate solution in the problem space.
For a minimization function, the fitness function is taken as
FIT = 1/1 + 

(17)

Selection Method
Here, Roulette wheel selection method is followed. This is fitness proportional selection
mechanism. The better fit strings get selected often to pass on their information to their off
springs.
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5. Enriched Selection Method for GA
Stochastic Universal Selection (SS) is utilized to improve the selection procedure. In the SS, the
sum (T) of the chosen winner is computed and modernized during the procedure. For a fresh
individual to be elected to the group, the value of the fresh member should be less than T.
The probability is computed by,
𝑓
𝑃𝑆(𝑖) = 𝑓 𝑖
(18)
𝑚𝑎𝑥𝑖𝑚𝑢𝑚

Where 𝑓𝑖 is the fitness value of an individual 𝑖 which is chosen and 𝑓𝑚𝑎𝑥 is the maximum fitness
in the population.
In this paper, the way of selection of an individual improved for the next generation. And it
described as follows,
a. Select any individual from the population arbitrarily.
b. Sorting out the fitness value of the preferred individual by the entire number of population to
discover the preliminary point, as shown below,
𝑓𝑟𝑎𝑛𝑑𝑜𝑚
𝑝𝑟𝑒𝑙𝑖𝑚𝑖𝑛𝑎𝑟𝑦 𝑝𝑜𝑖𝑛𝑡 = 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
(19)
𝑠𝑖𝑧𝑒
To discover out the probability of chosen individual the following steps are utilized:
c. Discover the lowest fitness value in the population which has the smallest distance over the
cities, where the time complication is equal to O (n).
d. Choose individuals whose fitness values are less than the smallest fitness value plus a
proportion 𝑃 which is situated between 𝟎 < 𝑷 < 𝟏, as shown below:
𝑓
𝑃𝑆(𝑖) = 𝑓 𝑖 +𝑃
(20)
𝑏𝑒𝑠𝑡

Where (𝑖) is the fitness which is selected, 𝑓𝑏𝑒𝑠𝑡 is the most excellent fitness (lowest fitness value)
in the existing population, and P is percentage that is added to the most excellent fitness.
Enriched Selection Procedure
Input: Fitness 𝑓 is the most excellent fitness of the existing generation, and 𝑂𝑠 size or number of
population.
Output: population 𝑂 such that 𝑓𝑖𝑡𝑛𝑒𝑠𝑠 (𝑂) < 𝑓 + (𝑓 × 0.029).
Rate ← 𝑓 + (𝑓 × 0.029)
𝑝𝑡𝑟 ← 𝑟𝑎𝑛𝑑om ( ) % 𝑂𝑠
For (𝑖 < 𝑂𝑠) do
𝑝𝑡𝑟 ← (𝑖 +𝑝𝑡𝑟) % 𝑂𝑠
If (𝑓𝑖𝑡𝑛𝑒𝑠𝑠 (𝑝𝑡𝑟) < 𝑟𝑎𝑡𝑒) then
𝑂 ← 𝑝𝑡𝑟
Stop
6. Simulation Results
At first Enriched Genetic Algorithm (EGA) has been tested in standard IEEE 118-bus test system
[22].The system has 54 generator buses, 64 load buses, 186 branches and 9 of them are with the
tap setting transformers. The limits of voltage on generator buses are 0.95 -1.1 per-unit., and on
load buses are 0.95 -1.05 per-unit. The limit of transformer rate is 0.9 -1.1, with the changes step
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of 0.025. The limitations of reactive power source are listed in Table 1, with the change in step
of 0.01.
Table 1: Limitation of reactive power sources
5
34 37 44 45 46 48
BUS
14 0
10 10 10 15
QCMAX 0
0
0
QCMIN -40 0 -25 0 0
74 79 82 83 105 107 110
BUS
6
QCMAX 12 20 20 10 20 6
0 0
0 0
0
0
QCMIN 0
The statistical comparison results of 50 trial runs have been list in Table 2 and the results clearly
show the better performance of proposed Enriched Genetic Algorithm (EGA).
Table 2: Comparison results
Active power loss (p.u) BBO
ILSBBO/strategy1 ILSBBO/strategy1
[23]
[23]
[23]
128.77 126.98
124.78
Min
132.64 137.34
132.39
Max
130.21 130.37
129.22
Average

Proposed EGA
117.94
118.02
120.86

Then the Enriched Genetic Algorithm (EGA) has been tested in practical 191 test system and the
following results have been obtained. In Practical 191 test bus system – Number of Generators =
20, Number of lines = 200, Number of buses = 191 Number of transmission lines = 55. Table 3
shows the optimal control values of practical 191 test system obtained by EGA method. And
table 4 shows the results about the value of the real power loss by obtained by Enriched Genetic
Algorithm (EGA).
Table 3: Optimal Control values of Practical 191 utility (Indian) system by EGA method
VG1
1.10
VG 11
0.90
VG 2
0.72
VG 12
1.00
VG 3
1.01
VG 13
1.00
VG 4
1.01
VG 14
0.90
VG 5
1.10
VG 15
1.00
VG 6
1.10
VG 16
1.00
VG 7
1.10
VG 17
0.90
VG 8
1.01
VG 18
1.00
VG 9
1.10
VG 19
1.10
VG 10
1.01
VG 20
1.10
T1
T2
T3
T4
T5

1.00
1.00
1.00
1.10
1.00

T21
T22
T23
T24
T25

0.90
0.90
0.90
0.90
0.90

T41
T42
T43
T44
T45

0.90
0.90
0.91
0.91
0.91
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T6
T7
T8
T9
T10
T11
T12
T13
T14
T15
T19
T20

1.00
1.00
1.01
1.00
1.00
0.90
1.00
1.01
1.01
1.01
1.02
1.01
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T26
T27
T28
T29
T30
T31
T32
T33
T34
T35
T39
T40

1.00
0.90
0.90
1.01
0.90
0.90
0.90
1.01
0.90
0.90
0.90
0.90

T46
T47
T48
T49
T50
T51
T52
T53
T54
T55

0.90
0.91
1.00
0.90
0.90
0.90
0.90
1.00
0.90
0.90

Table 4: Optimum real power loss values obtained for practical 191 utility (Indian) systems by
EGA method.
Real power Loss (MW)
EGA
Min
143.014
Max
146.082
Average
144.004
7. Conclusion
Enriched Genetic Algorithm (EGA) has been successfully applied for solving reactive power
problem. And it has been tested in standard IEEE 118 & practical 191 bus test systems.
Performance comparisons with well-known population-based algorithms give superior results.
Enriched Genetic Algorithm (EGA) comes out to find enhanced solutions when compared to that
of other reported standard algorithms. The simulation results presented in former section prove
the capability of EGA approach to arrive at near to global optimal solution.
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